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FIG . 2 
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FIG . 3 
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FIG . 4 
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TRANSPORTING A DATABASE STRUCTURE accessible to other users of the platform . When first created , 
FROM A FIRST VERSION TO A SECOND each database may have the same structure that is appropri 

VERSION ate for the CRM application . In some cases , users may 
modify the tables through use of the application or directly , 

BACKGROUND 5 such as where each user stores different customer informa 
tion . 

A database can be an organized collection of data that can More generally , a database application may use a stan 
be stored and that accessed through control circuitry con dardized initial set of tables within a database , in which the 
trolled by a processor . Typically a database management application adds , modifies , and deletes data during execution 
system is used to access the data stored in the database . In 10 of the application by one or more users . As the application 
a relational database , data is stored in such a way that it can is used , the tables may be modified , such as to include 
be presented to users as a set of interrelated tables . Each additional columns , to change the type of a column , to add 
table may define collection of data in which a set of one or or remove entire tables , or the like . 
more specific types of data related to one or more entities Further , different versions of the application may have 
can be arranged . Typically new records are created in the 15 different tables and / or different table structures . For 
database by creating new rows in one or more tables . example , a later version of the application may include 
Database systems and database management systems typi additional data that is stored in a new table that did not exist 
cally also provide a table catalog , which includes one or in an earlier version of the application , or the structure of 
more tables that store the meta - data that describes the tables may be changed between versions of the application . 
structures of the tables used in the database . As tables are 20 Such tables typically are user - level tables ( “ user tables ” ) , 
modified or added to a particular database , the catalog may rather than the system - level tables of the database catalog . 
be updated by the database management system to reflect the Database management systems often provide various 
changes . techniques , commands , and interfaces to move or copy a 

database from one database system to another , and / or to 
BRIEF DESCRIPTION OF THE DRAWINGS 25 transition a database from one version of the database to 

another . For example , many structured query language 
The accompanying drawings , which are included to pro- ( SQL ) -based systems provide a “ table dump ” functionality 

vide a further understanding of the disclosed technologies , that generates one or more SQL data description language 
are incorporated in and constitute a part of this specification . ( DDL ) statements needed to entirely recreate the application 
The drawings also illustrate implementations of the dis- 30 database in a new , “ fresh " database that has not yet been 
closed technologies and together with the detailed descrip- configured for the application or has not yet been used by the 
tion serve to explain the principles of implementation of the application . For complex databases , it may require signifi 
disclosed technologies . No attempt is made to show struc- cant computing and time resources for the management 
tural details in more detail than may be necessary for a system to generate the appropriate SQL statements , often 
fundamental understanding of the disclosed technologies 35 taking several hours of time during which the database may 
and the various ways in which it can be practiced . be locked from other changes . 
FIG . 1 shows an example database application system Embodiments disclosed herein provide techniques and 

according to the subject matter disclosed herein . systems for copying , moving , and / or changing a version of 
FIG . 2 shows a database application catalog after the a database , without requiring the computing and time 

initial tables have been created but before they have been 40 resources typically needed for such operations . 
used by the application according to the subject matter FIG . 1 shows an example system according to the dis 
disclosed herein . closed subject matter . A database management system 110 
FIG . 3 shows the same catalog as FIG . 2 after use by the may include multiple databases 112 , 114 , 116. The databases 

application according to the subject matter disclosed herein . 112 , 114 , 116 may have the same or different database 
FIG . 4 shows the same catalog as FIG . 2 after further use 45 structures , which may be defined by the application or 

by the application , according to the subject matter disclosed applications that access each database . Each database stores 
herein . data in one or more tables 130 , with each database having its 
FIG . 5 shows an example process for moving data from own set of tables . Generally each database will not have 

one database to another according to the subject matter direct access to the tables of any other database . In this 
disclosed herein . 50 example , each database 112 , 114 , 116 has one or more 

applications 122 , 124 , 126 , respectively , which stores data in 
DETAILED DESCRIPTION the database . More generally , one or more applications may 

access one or more databases , and any arrangement of 
A “ database application ” typically is a software applica- applications and databases may be used without departing 

tion that accesses an application database during its execu- 55 from the scope or content of the present subject matter . 
tion . An " application database ” refers to the set of tables During operation , one or more users may access the database 
used by the application , which generally will be hosted on applications 122 , 124 , 126 and perform operations defined 
and managed by a database and database management by those applications . The use of the applications may result 
system , which may contain many such application data- in data being added to , modified , or removed from the 
bases . In some cases , the database may include multiple 60 associated database . In some cases , the applications and / or 
copies of the same set of tables , each of which is used by a the users also may modify the database structures them 
different application . For example , a computerized com- selves , such as by adding or modifying a column , creating a 
merce platform may provide a customer relationship man- new table , or the like . Generally each application and 
agement ( CRM ) application , which users of the platform can database combination is independent and distinct relative to 
implement within their own systems . Each user may have 65 the others , although they may be separate instances of the 
their own database that is accessed by the application , such same application and database . For example , applications 
that the data stored in each user's database tables are not 122 , 124 may be separate instances of the same inventory 
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tracking application , so that the initial database structures column order in the table ( “ ordinal ” ) , column type , an 
112 , 114 , respectively , are the same . However , during use of indication of whether the column represents a primary key 
the applications 122 , 124 the data in each database 112 , 114 for the table ( " is_pk ” ) , and an indication of whether the 
will be different . Further , the database structures also may column is used to enforce referential integrity within the 
become different over time , such as where one instance of 5 table and , if so , the associated OID ( “ ref_key_OID " ) . Such 
the application is upgraded to a newer version while the data types and descriptions are typical of those used in 
other is not . Similarly , each application may have multiple relational database systems and will be readily understood 
versions , each of which may use the same or different by one of skill in the art . Many other tables may be included 
versions of the associated database . The techniques dis- in the catalog , such as the role descriptor table that lists user 
closed herein are concerned with moving a first database to 10 roles that can be used in the associated application . Finally 
a second database , where the second database may have a the role descriptor table , " role_desc ” , lists the known roles 
different system - level structure than the first . That is , the within the application . At the point shown in FIG . 1 , i.e. , 
structure of user tables may be preserved from the first when the application has not been used and thus has not 
database to the second , whereas system tables defined in the created data or modified the table structure of the database , 
database catalog will be modified to match those of the 15 only the “ system ” role exists , as shown . 
second database , if different than the first . As previously disclosed , the structure of user tables in the 
As a specific illustrative example , database application database shown in FIG . 2 may change as the database is used 

126 may be a CRM application that stores customer pref- by an associated application , or when the application and 
erences , sales records , and the like in one or more tables 130 database are upgraded or downgraded to a different version . 
of database 116. During operation of the application 126 , 20 In this example , as shown in FIG . 3 , a new table , custom 
data may be added to the user database tables 130 by the er_information , has been added , as shown by the new row in 
application 126. As a specific example , customer informa- the table_desc table . For example , the customer_information 
tion including name , address , email address , and shipping table may be created when a user of the associated appli 
preference may be stored in a “ customer ” table 130 in the cation first creates customer data within the application , 
database 116. During operation of the application 126 , 25 which is then stored in the database . As another example , a 
customer data obtained from one or more users of the new version of the associated application may have been 
application may be stored in the customer table . If , at a later released that uses the new table as a base table that is created 
time , the application is updated to allow for capturing when a new instance of the application and database is first 
customer phone numbers or a user of the application created . As another example , the customer_information 
expands the capabilities of the application to do the same 30 table may be created by the user during use of the applica 
( such as by defining a custom data field ) , a new table may tion , such as via an interface that allows users of the 
be added to the database or a new column may be added to application to create new data structures to store data used 
the existing customer table to store this information . Accord- by the application , which then causes the application to 
ingly , the structure of the user database tables 130 may create corresponding tables , or modify existing tables , to 
change over the lifetime of the application , or when the 35 store data for which the new data structure was created . 
application is upgraded to a new version . However , such changes do not affect the structure of the 

Information about the tables in a database may be stored system - level tables in the table catalog , which are defined by 
in the database itself , such as in a database catalog . FIG . 2 the version and system of the database and generally are not 
shows an example catalog for a new instance of a first modified due to use of the database by an application . 
application version , i.e. , before it has been used . The catalog 40 As with the initial catalog tables in FIG . 2 , the col_desc 
identifies and describes three tables : a table descriptor table table stores descriptions of the columns associated with the 
( “ table_desc ” ) , a column descriptor table ( “ col_desc ” ) , and new customer information table . In this example , as shown 
a role descriptor table ( “ role_desc ” ) . The three tables shown in FIG . 3 , the new table includes columns to store identifiers 
in this example are illustrative only , and generally a database ( OID ) , a primary key ( PK ) , and customer last names , first 
will have tens , hundreds , or more tables , though the same 45 names , and addresses . As shown in FIG . 3 , the OIDs may be 
principles and operations disclosed herein may be applied to assigned to correspond to the related table , such as where 
any number of tables in a database . In this example , the table columns in the customer_information table ( OID 1001 ) are 
descriptor table lists a unique identifier ( OID ) , table name , assigned OIDs beginning at 1002. Such correspondence is 
number of columns , owner ID , and storage URL for each not integral to operation of the technologies disclosed herein 
table . The three tables of the example are shown . For 50 and more generally any table structures and correspondences 
example , the column descriptor table has an OID of 7 , is 
named " col - desc ” , has seven columns , and is owned by the The updated catalog also shows an additional role has 
user with OID 18. As shown by the role descriptor table , user been added to the role descriptor table , “ IT_staff . ” More 
OID 18 corresponds to the " system ” role . Other information generally , any new tables , rows , columns , or combinations 
may be included in such a table . For example , the “ stora- 55 thereof may be added , or any changes may be made to 
ge_url " field may provide a link or other pointer to the existing tables . FIG . 4 shows another version of the table 
physical or logical address at which the table is stored in catalog . Continuing the example , in this version the last 
memory of the database system . Many other columns may name and first_name columns in the customer_information 
be included in a table catalog , and the principles and table have been replaced by a cust_name column ( OID 
operations disclosed herein may be used and apply equally 60 1013 ) as shown in the col_desc table , and a new column , 
to any number of catalog tables having any number of country ( OID 1012 ) has been added . As such , between the 
columns . versions of the database shown in FIG . 3 and FIG . 4 , the 

Continuing the example , the column descriptor table customer_information table has been changed by the addi 
provides information on all columns in all tables of the tion and removal of columns . Generally such changes also 
database , including the table descriptor and column descrip- 65 will be accompanied by changes to the stored data and the 
tor tables themselves , as shown . In this example , the column way it is accessed by the associated application . In this 
descriptor table shows the OID , table OID , column name , example , the application may have been modified to treat 
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customer names as unitary text strings , instead of separate The first database may be , for example , a first version of a 
first and last name string , which change is reflected by the database as previously disclosed , and the second database 
changes to the customer_information table described above may be , for example , a second version of a database as 
and shown in the change from FIG . 3 to FIG . 4. As with the previously disclosed . The second database may be an empty 
change from the database structure shown in FIG . 2 to that 5 database , or it may be an “ initial ” or “ fresh ” database 
of FIG . 3 , the changes reflected between FIGS . 3 and 4 may associated with a new instance of the associated application 
occur due to a change in version of the associated applica and / or database that has not yet been used , such as the tion , a modification made by or via the application , or database structure shown in FIG . 2 , which does not include combinations thereof . As shown , the catalog tables may also any user tables or data . include updated data to reflect changes to the user tables , 10 At 505 , all rows in the first database catalog may be such as the change to the customer_information user table . 
However , this does not reflect a change to the structure of the copied to a file , such as using a “ copy out ” function of the 
catalog table , only to the data stored in the table ( due to database management system . The copy - out file may be , for 
changes to the customer_information table ) . example , a plain text or character - delimited file that stores 

Whereas the change to the customer_information table 15 the data of the catalog table . For example , referring to the 
reflects a change to the structure of a user table , FIG . 4 also version of the example table descriptor table shown in FIG . 
shows a change to one of the catalog tables itself . In this 3 , a resulting copy - out file may include the following text : 
case , a column has been added to the role_desc table , 
“ role_level , ” which is not present in the other version of the OID , table_name , columns , owner_oid , storage url database as described by the catalog tables shown in FIG . 3. 20 1 , table_desc , 5 , 18 , 
Notably , the change to the role_desc table represents an 7 , col_desc , 7 , 18 , 
alteration of the basic database structure since role_desc is 15 , role_desc , 2 , 18 , 
a catalog table , whereas the customer_information table is a 1001 , customer_information , 7 , 1000 , 

user table and , therefore , it is expected that it may be 
modified by user applications . As previously disclosed , the 25 Similar text may be copied out for each table in the database 
change to the role_desc table generally is not associated with catalog . Although shown and described as being stored in a 
use of the database by the application or any user action plaintext file , any known and suitable storage format may be 
within the application or the database , but rather with the used for the copy - out file obtained from the first database . 
version of the database or the database system on which the The system OIDs ( for table_desc , col_desc , and role_desc in 
database is implemented . 30 this example ) may be omitted from the file , or they may be 

There are often times when it is desirable to move a removed in a subsequent alteration step as disclosed in 
database from one database system to another , or to replicate further detail below . This is because the new database 
an application and / or database instance , or to change the system or version may assign different OIDs to these items . 
version of a database . For example , in a geographically- In contrast , user table OIDs ( customer_information in this 
distributed database - based software system such as a cloud- 35 example ) may be maintained so that they are copied to the 
hosted system , it may be desirable to maintain the database second database . 
in a physical location that is relatively close to a user of the At 510 , the number of fields in the copy - out file may be 
application , or a majority of users of the application . As modified to match fields in the second database . For 
another example , in a similar system it may be desirable to example , empty fields for new columns may be added and 
maintain multiple instances of the database for a single 40 null fields for dropped columns may be removed . For 
application so that users in different geographic locations example , a copy - out file may be made for the structure 
experience low latency when accessing the application . As shown in FIG . 3 , where a database having the FIG . 3 
another example , it may be desirable to create a new structure is being modified to the have the structure shown 
instance of a database application and the associated data- in FIG . 4. As previously noted , when transitioning from one 
base and copy an existing data and database structure to the 45 database system or version to another , only changes to the 
new instance . As another example , applications and associ- catalog tables ( the database meta - data ) are accounted for , 
ated databases are often modified when moving from one because the user tables will not be present in a new instance 
version to another , in which case it is desirable to upgrade or “ fresh ” install of the second database . In contrast , the 
the existing database while maintaining all the data stored process disclosed herein preserves the structure of user 
therein , or to create a new instance of the application and 50 tables when moving from one database system or version to 
database with the new version database structure , and sub the next . 
sequently copy the data and any custom data structures from At 520 , OIDs in the copy - out file may be updated to match 
the current version to the upgraded version . the second database OIDs , for example , by replacing all 

To make such a change or to copy a database from one occurrences of first database OIDs with corresponding sec 
location to another , relational database management systems 55 ond database OIDs . This may be done , for example , with a 
often provide a mechanism to automatically generate the mapping table that matches OIDs in the first database to 
SQL statements or equivalent commands to reconstruct all OIDs in the second database . The map may be automatically 
tables in the existing database from scratch . However , such generated , for example , by comparing the catalog state , 
a technique can be very time consuming and may require a catalog table names , and initialization data of the first and 
large amount of computing resources as previously dis- 60 second databases . In some cases , a human operator may 
closed . In contrast , embodiments disclosed herein rely on provide or verify the OID mapping , but generally it may be 
the observation that the catalog tables themselves can be performed automatically by the database management sys 
exported and used to recreate the entire database structure , tem or a host platform such as a cloud database that provides 
without requiring the same " dump ” of individual table the database application and database management system . 
structures . 65 Notably , these modifications may be made only to catalog 
FIG . 5 shows an example process for copying an existing tables as previously indicated , so that user table structure is 

database structure from a first database to a second database . maintained during the transition from one database to 
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another . Continuing the previous example , the changes to any other machine readable storage medium , wherein , when 
the customer_information table will not be reflected in any the computer program code is loaded into and executed by 
change to the copy - out file , whereas the change to the a computer , the computer becomes an apparatus for prac 
role_desc table will be addressed since it is a catalog table . ticing techniques for upgrading a database from a first 

At 530 , the copy - out file may be used to modify the 5 version to a second version . 
second database , such as by importing the rows defined in Techniques also can be implemented in the form of 
the copy - out file . A copy - in or similar function within the computer program code , for example , whether stored in a 
database management system may be used to import the storage medium , loaded into and / or executed by a computer , 
data . For example , the rows of each table defined in the or transmitted over some transmission medium , such as over 
copy - out file may be appended to the same existing table in 10 electrical wiring or cabling , through fiber optics , or via 
the second database . Alternatively , where the table does not electromagnetic radiation , wherein when the computer pro 
exist in the second database , the existing rows may be used gram code is loaded into and executed by a computer , the 
to create a new table , in part by creating the appropriate row computer becomes an apparatus for practicing techniques 
in the row_desc table or equivalent . for upgrading a database from a first version to a second 

For example , where the process is copying the first 15 version . 
database to a new system but there are no version changes When implemented on a general - purpose microprocessor , 
to be implemented , the process may simply copy out all the computer program code segments configure the micro 
rows from the first database catalog tables and append them processor to create specific logic circuits . In some configu 
to a new , fresh instance of the database , i.e. , a copy before rations , a set of computer - readable instructions stored on a 
it has been used by the application such as the example 20 computer - readable storage medium can be implemented by 
shown in FIG . 2. In this case the new copied - to database will a general - purpose processor , which can transform the gen 
be an exact copy of the first database . Referring to the eral - purpose processor or a device containing the general 
previous examples of FIGS . 2-4 , for example , to make a purpose processor into a special - purpose device configured 
copy of a database having a structure as shown in FIG . 3 , all to implement or carry out the instructions . 
rows with a table - descriptor OID of 1000 or greater may be 25 Techniques can be implemented using hardware that can 
copied out at 510 and appended to a database having a include a processor , such as a general - purpose microproces 
structure as shown in FIG . 2 at 530 , with no operations sor and / or an application - specific integrated circuit ( ASIC ) 
needed at step 520. Alternatively , if the database is being that implements all or part of the techniques according to 
copied to a later version , the OIDs may be different and the implementations of the disclosed technologies in hardware 
mapping of step 520 may be performed . In some cases , 30 and / or firmware . The processor can be coupled to memory , 
changes to the database other than changes to the catalog such as random - access memory ( RAM ) , read - only memory 
may require the system OID mapping process . For example , ( ROM ) , flash memory , a hard disk or any other device 
database functions used in view definitions often may be capable of storing electronic information . The memory can 
stored in the catalog as an OID . So if the OIDs change from store instructions adapted to be executed by the processor to 
one system to another , which is often the case , then the 35 perform the techniques for upgrading a database from a first 
system OIDs used to identify such functions also may version to a second version . 
change . Notably , no user OIDs are modified during the OID As used herein , a statement that a component can be 
mapping since there are no user OIDs in the new database “ configured to ” perform an operation can be understood to 
system yet . mean that the component requires no structural alterations , 

If there are no catalog schema changes between the first 40 but merely needs to be placed into an operational state ( e.g. , 
database and the second database , such as where they be provided with electrical power , have an underlying 
represent a relatively minor version change for the database operating system running , etc. ) in order to perform the 
that did not involve a schema change , the second database operation . 
may be complete after step 530 and the process may end . The foregoing description , for purpose of explanation , has 

In some cases additional post - copy processing may be 45 been described with reference to specific implementations . 
used to make any content changes that occurred between the However , the illustrative discussions above are not intended 
first database and the second database . These may be per- to be exhaustive or to limit implementations of the disclosed 
formed , for example , using conventional DDL / SQL state- to the precise forms disclosed . Many modifications and 
ments or scripts so that the end result second database will variations are possible in view of the above teachings . The 
have an identical structure and content to the result that 50 implementations were chosen and described in order to 
would be achieved if the first database was recreated from explain the principles of the techniques of the disclosed 
scratch using DDL commands or scripts . For example , it technologies and their practical applications , thereby to 
may be more efficient to add a single new column or make enable others skilled in the art to utilize those implementa 
a data type change to an existing column using a relatively tions as well as other various implementations with various 
simple DDL script rather than making the changes during 55 modifications as may be suited to the particular use con 
the copy - out / copy - in process of 510-530 . After step 530 or templated 
540 ( if used ) , data may be copied from the first database to The invention claimed is : 
the second database . 1. A method for using a first database comprising a first 

Various techniques for upgrading a database from a first plurality of database tables to create a second database 
version to a second version can include or be implemented 60 comprising a second plurality of database tables , the method 
in the form of computer - implemented processes and appa- comprising : 
ratuses for practicing those processes . Techniques also can obtaining a first database catalog for the first database , the 
be implemented in the form of a computer program product first database catalog comprising a plurality of first 
having computer program code containing instructions catalog tables that define a structure of the first plurality 
stored in non - transitory and / or tangible media , such as 65 of database tables of the first database ; 
floppy diskettes , compact disc read - only memories ( CD- copying all rows of each of the plurality of first catalog 
ROMs ) , hard drives , universal serial bus ( USB ) drives , or tables of the first database catalog to a copy - out file ; 

a 
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modifying the copy - out file to replace one or more unique catalog tables that define a structure of a plurality of 
first identifiers defined in the first database with one or database tables in the first database , including the 
more unique second identifiers defined in the second plurality of first catalog tables ; 
database ; copy all rows of each of the plurality of first catalog 

based on the copy - out file , appending at least one row to tables of the first database catalog to a copy - out file ; 
a plurality of second catalog tables in the second modify the copy - out file to replace one or more unique 
database , the at least one row corresponding to a copied first identifiers defined in the first database with one 
row defined in the copy - out file ; or more unique second identifiers defined in the 

importing the copied rows of each of the plurality of first second database ; 
catalog tables of the first database catalog of the 10 based on the copy - out file , append at least one row to 
copy - out file to the second plurality of database tables ; a plurality of second catalog tables in the second 
and database , the at least one row corresponding to a 

importing data from the first database into the second copied row defined in the copy - out file ; 
database based on the imported rows in the second importing the copied rows of each of the plurality of 
plurality of database tables . first catalog tables of the first database catalog of the 

2. The method of claim 1 , wherein the second database copy - out file to the second plurality of database 
has a structure used by a later version of an application that tables ; and 
uses the structure of the first database . importing data from the first database into the second 

3. The method of claim 1 , further comprising : database based on the imported rows in the second 
adjusting fields defined in the copy - out file by inserting 20 plurality of database tables . 

blank fields for columns defined in the second database 11. The system of claim 10 , wherein the second database 
that are not defined in the first database . has a structure used by a later version of an application that 

4. The method of claim 3 , further comprising : uses the structure of the first database . 
adjusting fields defined in the copy - out file by removing 12. The system of claim 10 , the instructions further 
empty fields for columns that are defined in the first 25 causing the processor to : 
database that are not defined in the second database . adjust fields defined in the copy - out file by inserting blank 

5. The method of claim 1 , further comprising : fields for columns defined in the second database that 
are not defined in the first database . adjusting fields defined in the copy - out file by removing 

empty fields for columns that are defined in the first 13. The system of claim 12 , the instructions further 
database that are not defined in the second database . 30 causing the processor to : 

6. The method of claim 1 , further comprising , after adjust fields defined in the copy - out file by removing 
appending rows to a plurality of second catalog tables in the empty fields for columns that are defined in the first 

database that are not defined in the second database . second database , executing one or more commands to 
modify the structure of the second database by adding , 14. The system of claim 10 , the instructions further 
removing , and / or modifying one or more tables , columns , 35 causing the processor to : 
rows , or a combination thereof . adjust fields defined in the copy - out file by removing 

7. The method of claim 1 , wherein the second database is empty fields for columns that are defined in the first 
database that are not defined in the second database . a copy of the first database . 

8. The method of claim 7 , wherein the second database is 15. The system of claim 10 , the instructions further 
executed by a different computing platform than the first 40 causing the processor to , after appending rows to a plurality 
database . of second catalog tables in the second database , execute one 

9. The method of claim 8 , where the different computing or more commands to modify the structure of the second 
platform is hosted by a common cloud - based platform . database by adding , removing , and / or modifying one or 

10. A system comprising : more tables , columns , rows , or a combination thereof . 
a first database comprising a first plurality of database 45 16. The system of claim 10 , wherein the second database 

tables ; is a copy of the first database . 
a processor in communication with the database ; and 17. The system of claim 16 , wherein the second database 
a computer - readable medium in communication with the is executed by a different computing platform than the first 

database . processor and storing instructions which , when 
executed by the processor , cause the processor to : 18. The system of claim 17 , where the different computing 
obtain a first database catalog for the first database , the platform is hosted by a common cloud - based platform . 

first database catalog comprising a plurality of first 
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